There is now a trend in the hotel business to use ozonegenerating equipment daily to remove tobacco and body odor from guest rooms, relying on the effects of sterilization [1] [2] [3] , deodorization 4) , and bleaching by ozone. Ozone can deodorize every corner of a room because it is a gas. Moreover, since it decomposes to oxygen after use, it has been thought to be comparatively safe but, the strong oxidization effect of ozone may cause adverse effects on humans depending on the concentration 5-7) . The health effects of ozone have been reported as follows 8) : 0.01 ppm; threshold for keen sense of smell, 0.1-0.3 ppm; irritating to mucous membranes of nose and throat in most individuals, 0.4 ppm; breathing disorder, 0.8-1.7 ppm; upper respiratory irritation, 1.0 ppm; cough and feeling of fatigue, 1.5 ppm; chest pain and depression, under 9.0 ppm; dyspnea and a lung congestion, 1,700 ppm; death within several minutes.
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While the ozone-generating equipment is in operation, a sign is put on the door, warning workers not to enter the hotel room. Nevertheless, during busy periods sometimes workers must clean the room while ozone is being generated or immediately after ozone generation has stopped, and some workers have complained of eye and/or throat irritation. In order to compile a health and safety manual, we measured the concentrations of ozone during and after the generation of ozone in several guest rooms and a corridor. The information is used to recommend how long workers should wait before entering a room after ozone generation in a hotel. This is the first report on the safety manual based on the results of ozone measurements.
Subjects and Methods
Measurement of the ozone concentration was performed at three points, i.e. in a single room (45 m 3 =18 m 2 × 2.5 m), a twin room (65 m 3 =26 m 2 × 2.5 m) and the corridor in front of the single room with its door closed during and after ozone generation. For ozone deodorization, ozone was generated at an amount of more than 500 mg/h for 60 min in the sealed, vacant room, with an ozone generator (Cabin Refresher CR-500T made by ONIT Inc.).
The ozone concentration was measured with an ultraviolet ray absorption system which incorporates ozone monitor model 1150 made by DYLEC Inc.. The indoor temperature was 24°C, the central air conditioning system was on and the bathtub was not filled with water. The ozone sampling was performed at one point near the center of the guest room (less than 30 m 2 ) at a height of 150 cm above the floor (Fig. 1) , which was basically in accordance with the Working Environment Measurement Standard 9) . The same experiment was conducted twice.
Results
The concentration of ozone increased for 20 min immediately after ozone generation and reached a plateau for 40 min in the single room, the twin room and the corridor.
The average concentration for the plateau level was 2.2 ppm in the first experiment (Fig. 2 ) and 2.0 ppm in the second experiment in the single room. The average concentration for the plateau level was 1.2 ppm in the first experiment (Fig. 3 ) and 1.1 ppm in the second experiment in the twin room. The highest concentration was about 2.76 ppm in the single room and about 1.78 ppm in the twin room. The average concentration for the plateau level was 0.06 ppm in the first experiment (Fig. 4) and 0.04 ppm in the second experiment in the corridor. The highest concentration for the plateau level was about 0.14 ppm in the corridor.
The concentration of ozone decreased rapidly after stopping the ozone generation. It was less than 0.2 ppm in 10 min and less than 0.1 ppm in 15 min. It returned to the baseline level (0.002-0.005 ppm) in 20 to 30 min.
Discussion
Ozone is often used to remove odors arising from organic substances. Ozone deodorizes by oxidization. It is used to deodorize laboratory animal cages 10) and hospitals 11) as well as hotel rooms. The Japan Society for Occupational Health has determined the Occupational Exposure Limit (OEL) of ozone to be 0.1 ppm 12) . The Time-Weighted Average (TWA) is determined to be 0.1 ppm for light work and 0.2 ppm for less than 2 h work according to the Threshold Limit Value (TLV) of the American Conference of Governmental Industrial Hygienists 13) (ACGIH). In our results, the average concentration (2.1 ppm) in the single room under ozone generation was about 21 times the OEL value in Japan, and about 10.5 times the TWA value for less than 2 h work in America. When working under such an ozone concentration for even a short time, irritation of the upper respiratory tract and/or chest pain may result.
In order to work safely, a worker should ideally enter the guest room 30 min after ozone generation has been stopped. The ozone concentration returned to the baseline level in 30 min under this condition. Even during extremely busy periods workers should wait at least 10 min, until the ozone concentration has returned to 0.2 ppm. This concentration is less than 2 h work at the TLV. As the highest concentration of ozone in the corridor (0.14 ppm) was almost the same as the OEL value (0.1 ppm), guests and workers in the corridor should not suffer any harmful effects of ozone.
"Standard rules for work in hotel rooms deodorized by ozone-generating equipment" was newly compiled as follows, based on the results of our investigation in the hotel. 1. Prior check and correct use of ozone-generating equipment according to the institution manual. 2. Check of the guest room that has been deodorized (ventilation, house keeping, etc.) 3. Refrain from entering a room while ozone-generating equipment is in operation. 4. Work with the door open in emergency cases when the ozone-generating equipment is in operation. 5. Workers should not enter a guest room for at least 10 to 15 minutes after ozone generation has been stopped. 6. General safety practices should be followed to prevent bruising, falling and other injuries and harmful effects. Since our safety manual was provided to the workers, they have never complained of eye and/or throat irritation.
